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As a result of increased atmospheric testing of nuclear weapons, concerns over the fate of radioactivity released from these detonations and related implications to national security during the arms race", the Environmental Measurements Laboratory (EML) initiated a program known as the Global Fallout Program (GFP) in 1958. This program has been operated via one of the largest global sampling networks ever assembled in the world. The GFP had over 140 sampling stations during the 1960s (Hardy, 1977) . From 1987 to 1990, the network consisted of the 66 sites shown in Figure 1 , and listed in Table 1 along with other site characteristics. The intent of the GFP was to obtain radionuclide deposition information which could be used to address factors related to the global transport and fate of radionuclides following an atmospheric release. Around the same time that this program was being developed several other global studies on fission-produced radioactivity were being pursued. These studies included investi-gations of atmospheric transport and residence times in both the stratosphere and the troposphere, soil burdens, and the subsequent assimilation into food and the human body. An essentially complete understanding of the processes affecting the fate of released radioactivity resulted, which helped to identify the significance of this material to human health.
Since it is considered important to maintain a record of the global deposition, distribution and inventory of fallout radioactivity, the GFP has remained an active program. Initially, GFP data included several of the radionuclides produced during weapons testing. Strontium-90 was chosen as the primary radionuclide of interest due to its unique properties. To begin with, Sr is produced with a relatively high fission yield 90 (3.7 PBq MCi per Megaton) during the detonation of nuclear weapons. Strontium-90 is also an betaemitting radionuclide with a fairly long half-life (28 years). Finally, Sr is readily incorporated into the 90 biosphere as a result of chemical properties it shares with calcium, an essential element for most organisms including human. Together these properties have important implications on the effect that nuclear weapons fallout Sr can have on human health. Strontium-90 was considered the most important radionuclide 90 released during the atmospheric weapons testing based on worldwide health hazards (UNSCEAR, 1982 ).
EML's Sr deposition database is the most extensive of its kind in the world.
90
-2 -This report has been prepared to present additional new data that has been added to EML's database.
Numerous documents similar to this one have been published regularly since the GFP began to provide the scientific community, policy-makers and the general public with information on radioactive fallout. Three compilation reports have been published to date (Hardy 1977; Larsen, 1984a; Larsen, 1985) . The database now serves as a direct source of fallout records for contemporary investigations addressing radiological concerns. These records have also proven extremely useful for studies in several other fields that have utilized the unique and well-defined source of radioactivity as tracers of different processes.
ethods M
There have been very few changes in the procedures for the operation of the GFP since the years when the Sr database was first generated. The same sampling devices are being used since the beginning of the 90 program. These include two different open containers, a stainless-steel pot and a polyethylene bucket, and an ion-exchange unit (see Table 1 ). The open containers are simple devices that collect all the material which is deposited in them. The ion-exchange sampling unit performs a first-order extraction of the bulk deposition at the sampling site. It consist of a funnel connected in series to a column packed with Dowex-50 ion-exchange resin. The ion-exchange column removes the Sr from the precipitation as it passes 90 through the column. The sampling devices are exposed to collect a sample each calendar month, except for at the Australian stations where the samplers are exposed for a 3-month (quarterly) period. The area exposed to bulk deposition ranges from 640 to 760 cm depending on which device is used. The samplers 2 and their operation are described in more detail in EML's Procedure Manual, Section 2 (Chieco et al.,
1992).
The samples are sent to EML and prepared for analysis. The samples collected in pots and buckets are passed through ion-exchange columns in the laboratory. One column is used for each 3-month quarter of samples. The samples collected with the ion-exchange units are composted into quarterly samples by combining three months of samples. The Sr analyses are then performed on quarterly samples (prior to 90 1976 the monthly samples were analyzed) by either EML or contractor laboratories. The radiochemical methods used to process, separate and count the samples for Sr analysis are similar to those described in 90 EML's Procedures Manual, Section 4 (Chieco et al., 1992) . Blind quality control blanks and spiked reference samples are included with each set of samples and represent about 10% of the total samples analyzed. The contractors are required to meet specified criteria regarding agreement with quality control samples and counting errors for all samples.
Once the data is obtained it is evaluated for adherence to the contract specifications, converted to obtain values of Sr deposition per unit area (Bq m ), and added to the Sr deposition database. The database is 90 -2 90 then used to update estimates of the total annual deposition and global burden of Sr. The method used to 90 determine these values has been described by Volchok (1965 
ata Quality and Validation
D
As already mentioned, the contractors must meet established criteria to ensure that EML's database represents the best quality possible. Table 2 shows the results of blank samples submitted to four laboratories that performed analysis of samples collected from 1987 through 1990. The laboratories are identified by letters to maintain anonymity. The number of results reported in Table 2 is proportional to the total number of samples analyzed by that particular laboratory. The mean blank values for each of the laboratories was below the established criteria set at 17 Bq. One result reported by laboratory A and two results reported by laboratory C were above this limit, but the remainder of the results were generally well below this value. The blank result of 48.3 ± 10.8 Bq was obtained due to difficulties encountered in processing a batch of samples. There is no apparent explanation for the other two high blank values.
Results of spiked reference samples are shown in GFP estimate was 18% higher than the stratospheric loss. This is a good agreement since both estimates are subject to uncertainties. Larsen ( in Tables 10 to 13 for the years 1987, 1988, 1989 and 1990, respectively . These tables present total deposition values for each quarter and a summation for the year. In Tables to 17, the total annual Sr   90 deposition is added to the previous global data to obtain the cumulative (decayed) burden of Sr (PBq) in 90 each latitude band and the world for the years 1987, 1988, 1989 and 1990 , respectively. The data shows the cumulative deposit at the end of each quarter. The total annual Sr deposition (PBq) and fission yields of atmospheric weapons testing (MT) for the 90 Northern and Southern Hemispheres are reported in Table 18 . This table lists data from the inception of the GFP (1958) to the end of 1990. Figure 3 also displays some of the historical data available in the GFP. 
The bulk of the data in the GFP database has already been presented and interpreted in numerous reports over the years (e.g., Monetti and Larsen, 1991) . As more data becomes available it is compared and appended to the historic database.
The site specific Sr deposition data in Table 4 shows that the majority of the 1987 through 1990 90 values were low and indicate that there was no significant atmospheric source of Sr on a global scale.
90
This is in agreement with the fact that there were no announced atmospheric detonations or large-scale nuclear accidents. Also the presence of fission products in the surface air samples collected around the world was generally below the detection limit as noted in EML's Surface Air Sampling Program (Larsen and Sanderson, 1991) . Thirty-seven percent of the quarterly Sr deposition results reported in Table 4 The counting errors for these results were all low, but there were some unresolved problems with the quality control samples analyzed with several of the Australian samples. If there has been any atmospheric source of Sr other than resuspension at any of the sampling stations during this period it would have been 90 of limited quantity and extent. More detailed studies would be necessary to verify and identify potential radionuclide sources at specific locations of concern.
The averaged Sr deposition data reported in Tables 6 through 9 controlling the transport of radioactivity released into the atmosphere. Atmospheric weapons tests injected most of the radioactivity into the stratosphere (Bennett, 1978) . This material tended to remain in the stratosphere until the spring of the following year when it passed through the disruptions in the tropopause at midlatitudes in the Northern and Southern Hemispheres (UNSCEAR, 1982) . Once in the troposphere, the material was carried around the world within Hadley cells. The fallout radionuclides were then deposited onto the earth's surface by both wet and dry deposition. This circulation pattern maintained latitudinal bands of peak radioactivity at the midlatitudes.
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